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The Burrup Peninsula in north-west Western Australia is home to one of the most substantial collections of rock engravings, or petroglyphs, in the world. These petroglyphs are carved through the dark coloured patina, commonly referred to as rock varnish, into the weathering rind of the local parent rock. Rock varnish is essentially a thin layer of manganese (Mn) and iron (Fe) oxides and hydroxides with embedded clay minerals, the formation of which is relatively poorly understood. It is generally considered to be a hostile environment for microorganisms due to extreme environmental conditions including low nutrient availability, lack of water, exposure to extreme ultraviolet radiation and intense seasonal and diurnal temperature fluctuations.
However, despite these environmental extremes, microorganisms have been found on and in rock varnish and have been reported as playing a significant role in the formation of rock varnish. Given this, it is likely that any change in local environmental conditions will influence the types and activities of microorganisms found in and on rock varnish and associated rock art. This article focuses on the major influences on the microbiome of culturally important rock art in the Burrup Peninsula and the implications of any environmental change on the rock art itself.
The Burrup Peninsula (see Figure 1 ) is estimated to contain over 1 million petroglyphs. These form one of the longest sequences of art in the world, extending back probably as much as 40 000 years.
This makes the area one of the most significant rock art regions in the world 1 . The engravings are diverse in form and include those of many animal and bird species including extinct animals (e.g.
Thylacines, the Tasmanian tiger) 2 . The petroglyphs (see Figure 2 as an example) on the Burrup Peninsula are carved into the rock varnish of the parent granophyre and gabbro igneous rocks. Rock varnish usually forms very slowly, at a rate of 1-10 mm per thousand years, particularly in arid desert environments where rainfall is low 3, 4 . At its most basic rock varnish can be described as a dark coloured coating with thickness that seldom exceeds 200 mm that is composed mostly of Mn and Fe oxides that are cemented to clay minerals in a laminated structure 3 . The Mn and Fe present in rock varnish comes from a range of sources likely including the atmosphere, precipitation, dust and from surrounding soils 5, 6 .
Mn and Fe concentrations can vary greatly but in general Mn is enriched
In Focus over Fe relative to their natural distribution with Mn oxides usually accounting for around 20% of the total oxides 7 .
There is some evidence suggesting that the microlaminations in rock varnish correlate with alterations in environmental condi- 
Rock varnish formation
The mechanism of rock varnish formation and growth is still under discussion with both biotic and abiotic processes being postulated.
It has been proposed that if abiotic processes were responsible for producing rock varnish that rates would be much more rapid than empirical measurements suggest 23, 24 . These types of budding bacteria have been identified growing on rock varnishes found in warm deserts 5, 25 and are known to produce Mnrich deposits on rocks present in mountain soils 26 , acid mine drainage 19 , and caves 27, 28 . Krinsley et al. In Focus
